[1] The recent Cassini flyby of Jupiter provides a new unique data set in order to allow tracking of the instability along flow lines down to the distant magnetosheath, as yet unexplored by previous missions. Signatures consistent with mirror mode activity were frequently observed during the flyby in the magnetometer data, appearing at many different locations in the jovian pre-and post-dusk magnetosheath. Also reported and analysed were very distant mirror modes waves appearing as magnetic depressions observed at hundreds of Rj from Jupiter and much lower in amplitude than those observed closer to the planet. If these structures were convected from the upstream subsolar regions, such distant observations could allow an assessment of how highly stable they are. However, since some of the structures appear in sequence, they could also have been produced locally by a phenomenon yet to be identified.
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Introduction
[2] The magnetosheath environment results from the interaction between the solar wind flow and the planetary magnetic field, which forms a cavity bounded by the bow shock and the magnetopause. In this cavity, the solar wind plasma which is heated and slowed down at the bow shock is then deflected and re-accelerated around the magnetosphere. The information contained in the incident solar wind plasma is modified and transmitted to and from the magnetopause through a variety of waves and structures in the magnetosheath. It is, therefore, instructive to study their properties in order to understand the planetary-solar interactions. Moreover, the variety of the resulting wave modes makes the magnetosheath an ideal laboratory to observe and test plasma physics phenomena and theories [see Schwartz et al., 1996 for a review] .
[3] Mirror mode waves provide good insights into the properties of magnetosheath plasmas, as these waves are very often observed and reported in several planetary magnetosheaths. In a uniform plasma theory, these longwavelength (greater than proton Larmor radius) low-frequency (less than proton cyclotron frequency) waves are assumed to be driven by a sufficiently strong plasma pressure anisotropy. They are non-oscillatory, purely growing or decaying depending on the local plasma conditions and they exhibit an anticorrelation between plasma pressure and field strength. In planetary magnetosheaths, they often appear in long sequences and in the form of non-linear deep magnetic holes, with strong spatial variations. These combined properties add to their interest and attraction.
[4] Recent theoretical studies have discussed the mirror mode instability in different frameworks, either analysing its local linear properties in a homogeneous plasma [Southwood and Kivelson, 1993] and in an inhomogeneous plasma [Pokhotelov et al., 2001] or tentatively analysing its nonlinear properties . Gary [1992] examined the competition between mirror and cyclotron instabilities, two wave modes generated by plasma pressure anisotropy, and numerical simulations have focused on the development of the mirror instability until saturation [Mc Kean et al., 1993] , but without treating in any great detail the question of the persistence and generation of the structures.
[5] The present study focuses on mirror mode structures identified in the jovian magnetosheath during the recent Cassini flyby of Jupiter. A great deal of mirror activity was detected during the flyby with the most interesting and original activity being very far downstream (at 300-700 Rj from the planet) from the jovian dusk terminator. The properties of these structures will be discussed with relation to their location in the magnetosheath and the question of their origin and persistence will also be addressed. The very large size of the jovian plasma environment appears as one of the most suitable places to approach this problem.
Magnetic Field Observations
[6] As one of the planetary flybys which took place during its almost seven-year journey to Saturn, the CassiniHuygens spacecraft swang by Jupiter and made its closest approach to the giant planet on December 30, 2000, at a distance of 137 Rj around 16 hours local time (LT). The spacecraft flew along the dusk sector of the magnetosphere GEOPHYSICAL RESEARCH LETTERS, VOL. 29, NO. 20, 1980 , doi:10.1029 /2002GL015187, 2002 Copyright 2002 by the American Geophysical Union. 0094-8276/02/2002GL015187$05.00 and spent numerous prolonged periods of time within the jovian pre-and post-dusk magnetosheath over the two months following closest approach (see Figure 1 ). These regions were only briefly visited during the high-latitude Ulysses outbound pass and recently during the orbits G28 and G29 of the Galileo Millenium Mission in combination with the Cassini Jupiter flyby. The uniqueness and originality of the Cassini trajectory resides both in its passing through the unexplored distant magnetosheath at hundreds of Rj from Jupiter and in being more or less aligned with the plasma streamlines, parallel to the expected jovian boundaries.
[7] As mentioned in the introduction, a large amount of mirror mode activity was observed during the flyby. In Figure 2 , we present three selected intervals where mirror mode waves appear in the jovian magnetosheath. To identify the mirror mode structures in the absence of plasma data, we use a variance analysis approach similar to that previously used by Erdös and Balogh [1996] or Lucek et al. [1999] , based on a survey of the data recorded by the fluxgate magnetometer on-board the spacecraft (4 s resolution at least). Mirror mode structures appear in the magnetometer data as highly compressional linearly polarized fluctuations, with a maximum variance direction nearly aligned with the mean magnetic field. As variance analysis for linearly polarised waves is unable to distinguish between the intermediate and minimum variance directions, results are preferentiably based on the maximum variance direction associated with the waves, this direction being perpendicular to the wavevector.
[8] From January 3, 2001 to January 12, 2001 Cassini was almost continuously immersed within the magnetosheath. After an inbound quasi-perpendicular bow shock crossing on , 1850LT ) when the spacecraft entered the magnetosphere in a very inflated state for an 8-hour period. Once Cassini was back in the magnetosheath at 2110 SCET the activity resumed for several hours until another excursion into the magnetosphere on day 010 from 0800 to 2035 SCET. Cassini then exited back into the solar wind on day 012 at 1417 SCET. The mirror mode structures showed different waveforms during the interval, appearing quasi-sinusoidal on day 005 and consisting of well-developed magnetic dips (dropouts) on days 008 and 010 or occasionally of enhancements in field strength as on day s 005 2300 -2400 SCET and 006 1730 -1930 SCET. An evolution of the structures towards the magnetopause can be observed on days 008 and 009, with larger amplitude magnetic dropouts as the magnetopause was approached, a feature already reported in previous observations at Saturn [Bavassano et al, 1998 ]. All these structures are observed when the mean magnetic field is southward, except the enhancements on day 006 which occur when the mean field is northward. A change in behavior of the structures with variations in the background field can be noticed during all of day 008. The largest amplitude of the modes is observed on days 008 and 009, being around 0.8 nT.
[9] On day 019 to 021 of 2001, mirror mode waves were observed at distances of 309-321 Rj from Jupiter around 1915 -2020 LT. Three intervals with mirror mode activity clearly stand out in the data, the first one on day 019 at 1900 SCET, lasting eight hours, then on day 020 at 1200 SCET lasting two hours and finally on day 021 at 0100 SCET lasting two hours. Cassini entered quiet regions of the magnetosheath on day 019 around 1900 SCET and mirror mode fluctuations of short duration (1 -1.5 minute) and small amplitude (0.2 nT) in a background field of 1.2 nT appeared immediately thereafter. The field in the structures was mainly southward. For the other intervals the situation was not so clear-cut the field components were of the same order.
[10] In the very distant magnetosheath, from day 048 at 1200 UT to day 049 at 1500 SCET, Cassini observed distinct intervals of well-marked mirror mode activity, quite a surprise at such a huge distance from the planet (670 Rj, 2115 LT). A bow shock crossing was reported by all instrumental teams at the end of day 046 around 2310 SCET, with Cassini entering regions of disturbed magnetosheath field before moving into regions of quieter field from day 048 to day 050. Finally Cassini went back into the solar wind on day 051, around 0815 SCET. The observed structures form an almost one-day sequence of magnetic depressions with a 2 -3 minutes duration and an amplitude 0.2 nT. The background magnetic field is rather weak (0.55 nT). Once again the magnetic field is southward throughout the sequence. Intervals of isolated events with a shorter duration (1 -2 minutes) but a larger amplitude (0.35 nT) are observed on day 048 between 0400 and 0500 SCET and episodically on day 049 after the end of the sequence.
[11] Figure 3 illustrates the properties of magnetic depressions exhibiting a similar waveform (bi-state magnetic field, with well defined high and low levels of fluctuations) observed in different locations in the jovian magnetosheath and reported just above. Note that the angle between the maximum variance direction and the mean field seems to be closer to zero than expected from theories and simulations, as already mentioned by Erdös and Balogh [1996] .
[12] The far mirror modes fluctuations observed by Cassini in the distant post-dusk jovian magnetosheath con- Figure 3 . Magnetic depressions observed: (a) on day 008 from 0600 SCET to 0800 SCET (b) on day 020 from 0100 SCET to 0300 SCET (c) on day 048 from 0300 SCET to 0500 SCET (d) day 048 from 1600 SCET to 1800 SCET. The properties shown are the field magnitude, amplitude and the angle between the maximum variance direction and the mean field. sist either of isolated or small trains of events, or of very long sequence of dropouts. All are nonlinear phenomena, of large width.
Discussion
[13] Mirror modes have not often been reported in far downstream planetary magnetosheaths [Tsurutani et al., 1984] . This could result from the scarcity of spacecraft observations in these regions or from the high level of dissipative effect during the convection of the plasma around the magnetopause, which may not allow a clear distinction between mirror mode waves and magnetosheath turbulence.
[14] Our observations could be related to other phenomena like magnetic holes, commonly observed in the solar wind for example. These holes share a number of properties with mirror structures and both observational [Winterhalter et al., 1994] and theoretical [Pantellini, 1998; Baumgärtel, 2001] indications exist that they could be remnants of the mirror instability, as assumed here for our observations. Alternative scenarios (not related to an instability) conducted by Baumgärtel [1999] can also explain many of the features observed in isolated magnetic holes.
[15] Mirror mode structures are traveling with the solar wind, therefore unless the structures are collapsing, there are little time variations in the plasma frame implying that the inertial forces do not play a role. As a consequence, the total magnetic plus plasma pressure inside a magnetic depression needs to be balanced by the pressure of the surrounding plasma, in order for these structures to survive for long periods of time and not to collapse. Isolated or small mirror trains of events could therefore be some residues of the initial instability in a marginally mirror stable plasma environment. The observed structures remain after others have decayed away, under isotropization mechanisms. Overlapping structures are often observed and could be an indication of the coalescence of structures into single more stable holes.
[16] During the Cassini flyby of the Earth, nulls or magnetic holes in the distant terrestrial magnetosheath were observed on day 230 of 1999 [Southwood et al., 2001] . They appear as depressions of large amplitude (high field 10 nT, low field 2 nT) lasting less than ten seconds at distances of order 80 Re from the Earth around 0140 LT. Since they appear as small trains of events, one may reasonably surmise that some of them are on the verge of disappearing. Some of our observations on day 048 or 049 could match this scenario.
[17] Nevertheless, the situation may be different for mirror structures appearing in long sequence s as those observed on day 049 of 2001 or at the begining of day 020. This could indicate that the convected structures may have been created not so far upstream in the jovian magnetosheath. In this case the mechanism responsible for creating the required plasma anisotropy needs to be identified. If the source of the anisotropy is the bow shock, these observations could show that even if the shocks are less quasi-perpendicular at these distances in the jovian magnetosheath, they can nevertheless provide the conditions for the instability to develop.
[18] Magnetic holes in the solar wind are difficult to fully understand, since there is little information on their origin. The magnetosheath mirror mode structures we have reported here could be easier to understand thanks to their proximity to the source where the anisotropy was generated. We intend to conduct a study of the plasma conditions inside and around mirror mode structures, in order to determine the state of the plasma with regard to the instability criterion and more formaly relate the observed magnetic depressions to the mirror instability. The ability of Cassini's high-resolution instrumentation could be precious to achieve this goal. Simulations may be needed to reveal how long these structures survive after the plasma ceases to be mirror unstable or how far from their source these convected structures can be observed in planetary magnetosheaths.
